Inclusive fitness theory and eusociality. by NC DOCKS at The University of North Carolina at Greensboro & Rueppell, Olav
Inclusive fitness theory and eusociality. 
By: Patrick Abbot, Jun Abe, John Alcock, Samuel Alizon, Joao A. C. Alpedrinha, Malte 
Andersson, Jean-Baptiste Andre, Minus van Baalen, Francois Balloux, Sigal Balshine, Nick 
Barton, Leo W. Beukeboom, JayM. Biernaskie, Trine Bilde, Gerald Borgia, Michael Breed, 
SamBrown5, Redouan Bshary, Angus Buckling, Nancy T. Burley, Max N. Burton-Chellew, 
Michael A. Cant, Michel Chapuisat, Eric L. Charnov, Tim Clutton-Brock, Andrew Cockburn, 
Blaine J. Cole, Nick Colegrave, Leda Cosmides, Iain D.Couzin, Jerry A. Coyne, Scott Creel, 
BernardCrespi, Robert L. Curry, Sasha R. X.Dall, Troy Day, Janis L. Dickinson, Lee 
AlanDugatkin, Claire El Mouden, Stephen T. Emlen, Jay Evans, Regis Ferriere, Jeremy Field, 
Susanne Foitzik, Kevin Foster, William A. Foster, Charles W. Fox, Juergen Gadau,  Sylvain 
Gandon, Andy Gardner, Michael G. Gardner, Thomas Getty, Michael A. D. Goodisman, Alan 
Grafen, Rick Grosberg, Christina M. Grozinger, Pierre-Henri Gouyon, Darryl Gwynne, Paul H. 
Harvey, Ben J. Hatchwell, Ju¨rgen Heinze, Heikki Helantera, Ken R. Helms, Kim Hill, Natalie 
Jiricny, Rufus A. Johnstone, Alex Kacelnik, E. Toby Kiers, Hanna Kokko, Jan Komdeur, Judith 
Korb, Daniel Kronauer, Rolf Ku¨mmerli, Laurent Lehmann, Timothy A. Linksvayer, Se´bastien 
Lion, Bruce Lyon, James A. R. Marshall, Richard McElreath, Yannis Michalakis, Richard E. 
Michod, Douglas Mock, Thibaud Monnin, Robert Montgomerie, Allen J. Moore, Ulrich G. 
Mueller, Ronald Noe¨, Samir Okasha, Pekka Pamilo, Geoff A. Parker, Jes S. Pedersen, Ido Pen, 
David Pfennig, David C. Queller, Daniel J. Rankin, Sarah E. Reece, Hudson K. Reeve, Max 
Reuter, Gilbert Roberts, Simon K. A. Robson, Denis Roze, Francois Rousset, Olav Rueppell, 
Joel L. Sachs, Lorenzo Santorelli, Paul Schmid-Hempel, Michael P. Schwarz, Tom Scott-
Phillips, Janet Shellmann-Sherman, Paul W. Sherman, David M. Shuker, Jeff Smith, Joseph C. 
Spagna, Beverly Strassmann, Andrew V. Suarez, Liselotte Sundstro¨m, Michael Taborsky, Peter 
Taylor, Graham Thompson, John Tooby, Neil D. Tsutsui, Kazuki Tsuji, Stefano Turillazzi, 
Francisco U´ beda, Edward L. Vargo, Bernard Voelkl, Tom Wenseleers, Stuart A. West, Mary 
Jane West-Eberhard, David F. Westneat, Diane C. Wiernasz, Geoff Wild, Richard Wrangham, 
Andrew J. Young, DavidW. Zeh, Jeanne A. Zeh & Andrew Zink 
Abbot, P., Abe, J., Alcock, J., et al. (Alphabetical List of 136 Authors including Rueppell, O.)  
(2011) Inclusive fitness theory and eusociality. Nature, Vol 471: E1-E4. 
doi:10.1038/nature09831, PMID: 21430721 
Made available courtesy of Nature Publishing Group: http://www.nature.com/  
***Reprinted with permission. No further reproduction is authorized without written 
permission from Nature Publishing Group. This version of the document is not the version 




[...] Nowak et al.1 are incorrect to state that inclusive fitness requires a number of ''stringent 
assumptions'' such as pairwise interactions, weak selection, linearity, additivity and special 
population structures. [...] we dispute the claim of Nowak et al.1 that inclusive fitness theory 
''does not provide any additional biological insight'', delivering only ''hypothetical explanations'', 
leading only to routine measurements and ''correlative studies'', and that the theory has ''evolved 
into an abstract enterprise largely on its own'', with a failure to consider multiple competing 
hypotheses. 
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Nowak et al.1 argue that inclusive fitness theory has been of little value in explaining the natural 
world, and that it has led to negligible progress in explaining the evolution of eusociality. 
However, we believe that their arguments are based upon a misunderstanding of evolutionary 
theory and a misrepresentation of the empirical literature. We will focus our comments on three 
general issues. 
 
First, Nowak et al.1 are incorrect to suggest a sharp distinction between inclusive fitness theory 
and ''standard natural selection theory''. Natural selection explains the appearance of design in the 
living world, and inclusive fitness theory explains what this design is for. Specifically, natural 
selection leads organisms to become adapted as if to maximize their inclusive fitness2-4. 
Inclusive fitness theory is based upon population genetics, and is used to make falsifiable 
predictions about how natural selection shapes phenotypes, and so it is not surprising that it 
generates identical predictions to those obtained using other methods2,5-7. 
 
Second, Nowak et al.1 are incorrect to state that inclusive fitness requires a number of ''stringent 
assumptions'' such as pairwise interactions, weak selection, linearity, additivity and special 
population structures. Hamilton's original formulations did not make all these assumptions, and 
generalizations have shown that none of them is required3,5,6,8. Inclusive fitness is as general as 
the genetical theory of natural selection itself. It simply partitions natural selection into its direct 
and indirect components. 
 
Nowak et al.1 appear to have confused the completely general theory of inclusive fitness with 
models of specific cases. Yes, researchers often make limiting assumptions for reasons of 
analytical tractability when considering specific scenarios5,7, as with any modelling approach. 
For example, Nowak et al.1 assume a specific form of genetic control, where dispersal and 
helping are determined by the same single locus, that mating is monogamous, and so on. 
However, the inclusive fitness approach has facilitated, not hindered,empirical testing of 
evolutionary theory9-11. Indeed, an advantage of inclusive fitness theory is that it readily 
generates testable predictions in situations where the precise genetic architecture of a phenotypic 
trait is unknown. 
 
Third, we dispute the claim of Nowak et al.1 that inclusive fitness theory ''does not provide any 
additional biological insight'', delivering only ''hypothetical explanations'', leading only to routine 
measurements and ''correlative studies'', and that the theory has ''evolved into an abstract 
enterprise largely on its own'', with a failure to consider multiple competing hypotheses. We 
cannot explain these claims, which seem to overlook the extensive empirical literature that has 
accumulated over the past 40 years in the fields of behavioural and evolutionary ecology9-11 
(Table 1). Of course, studies must consider the direct consequences of behaviours, as well as 
consequences for relatives, but no one claims otherwise, and this does not change the fact that 
relatedness (and lots of other variables) has been shown to be important in all of the above areas. 
 
We do not have space to detail all the advances that have been made in the areas described in 
Table 1. However, a challenge to the claims of Nowak et al.1 is demonstrated with a single 
example, that of sex allocation (the ratio of investment into males versus females). We choose 
sex allocation because: (1) Nowak et al.1 argue that inclusive fitness theory has provided only 
''hypothetical explanations'' in this field; (2) it is an easily quantified social trait, which inclusive 
fitness theory predicts can be influenced by interactions between relatives; and (3) the study of 
sex allocation has been central to evolutionary work on the eusocial insects. In contrast to the 
claims of Nowak et al.1, recent reviews of sex allocation show that the theory explains why sex 
allocation varies with female density, inbreeding rate, dispersal rate, brood size, order of 
oviposition, sib-mating, asymmetrical larval competition, mortality rate, the presence of helpers, 
resource availability and nest density in organisms such as protozoan parasites, nematodes, 
insects, spiders, mites, reptiles, birds, mammals and plants5,12,13. 
 
The quantitative success of this research is demonstrated by the percentage of the variance 
explained in the data. Inclusive fitness theory has explained up to 96% of the sex ratio variance 
in acrossspecies studies and 66% in within-species studies13. The average for all evolutionary 
and ecological studies is 5.4%. As well as explaining adaptive variation in behaviour, inclusive 
fitness theory has even elucidated when and why individuals make mistakes (maladaptation), in 
response to factors such as mechanistic constraints13. It is not clear how Nowak et al.1 can 
characterize such quantifiable success as ''meagre''. Their conclusions are based upon a 
discussion in the Supplementary Information of just three papers (by authors who disagree with 
the interpretations of Nowak et al.1), out of an empirical literature of thousands of research 
articles. This would seem to indicate a failure to engage seriously with the body of work that 
they recommend we abandon. 
 
The same points can be made with regard to the evolution of the eusocial insects, which Nowak 
et al.1 suggest cannot be explained by inclusive fitness theory. It was already known that 
haplodiploidy itself may have only a relatively minor bearing on the origin of eusociality, and so 
Nowak et al.1 have added nothing new here. Inclusive fitness theory has explained why 
eusociality has evolved only in monogamous lineages, and why it is correlated with certain 
ecological conditions, such as extended parental care and defence of a shared resource14,15. 
Furthermore, inclusive fitness theory has made very successful predictions about behaviour in 
eusocial insects, explaining a wide range of phenomena (Table 2). 
 
Ultimately, any body of biological theory must be judged on its ability to make novel predictions 
and explain biological phenomena; we believe that Nowak et al.1 do neither. The only prediction 
made by their model (that offspring are favoured to help their monogamously mated mother if 
this provides a sufficient benefit) merely confirms, in a less general way, Hamilton's original 
point: if the fitness benefits are great enough, then altruism is favoured between relatives. 
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